ABSTRACT Seeds of Korean pine cone (Pinus koraiensis) have long been consumed as an edible food in countries located in North-East Asia, On the other hand, Korean pine cone, containing various polyphenols, is discarded as a useless garbage after removing seeds. This study investigated the lipolytic effects of pine cone extract in differentiated 3T3-L1 adipocytes. Intracellular lipid accumulation was measured by Oil red O staining, free glycerol release by colorimetric reaction, and expression of genes related to lipid metabolism by real-time PCR. Compared to control, pine cone extract reduced intracellular lipid accumulation by 8.8% and increased free glycerol release by 8.2% a concentration of 5 μg/mL in differentiated 3T3-L1 adipocytes. mRNA levels of fatty acid synthesis were not significantly different between control and pine cone extract, but mRNA levels of lipoprotein lipase (LPL) and hormone-sensitive lipase (HSL) significantly increased by 38.7% and 94.1% at a concentration of 5 μg/mL, respectively. Thus, pine cone extract is suggested to have lipolytic effects through induction of LPL and HSL gene expression. 
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Fig. 3. Lipid accumulation in pine cone extracts treated 3T3-L1.
Cell were differentiated with medium containing adipogenic cocktail for 9 days. After 9 days for differentiation, pine con extract treated 3T3-L1 for 2 days. The lipid accumulation was evaluated by Oil red O staining at 11 day. All data are presented as mean±standard deviation. Statistical analyses were performed by Duncan's multiple range tests after one-way ANOVA using SPSS software. Differences were considered statistically significant at P<0.05. PA: preadipocyte, PCE: pine cone extract. Free glycerol (μg/mL) .
Oil red O 염색의 의한 세포 내 지방구 함량 측정

Fig. 4.
The effect of pine cone extracts on glycerol release in 3T3-L1 cells. Cell were treated pine cone extract for 2 days after inducing differentiation with medium containing adipogenic cocktail for 9 days. Increase of lipolytic effect was evaluated by the release of glycerol to the cultured medium at 11 day. All data are presented as mean±standard deviation. Statistical analyses were performed by Duncan's multiple range tests after one-way ANOVA using SPSS software. Differences were considered statistically significant at P<0.05. PA: preadipocyte, PCE: pine cone extract. Relative mRNA expression of LPL . Fig. 6 . Effect of pine cone extracts on expression of lipoprotein lipase in 3T3-L1. Cell were treated pine cone extract for 2 days after inducing differentiation with medium containing adipogenic cocktail for 9 days. All data are presented as mean±standard deviation. Statistical analyses were performed by Duncan's multiple range tests after one-way ANOVA using SPSS software. Differences were considered statistically significant at P<0.05. PA: preadipocyte, PCE: pine cone extract. Relative mRNA expression of HSL .
Fig. 7.
Effect of pine cone extracts on expression of hormonesensitive lipase in 3T3-L1. Cell were treated pine cone extract for 2days after inducing differentiation with medium containing adipogenic cocktail for 9 days. All data are presented as mean± standard deviation. Statistical analyses were performed by Duncan's multiple range tests after one-way ANOVA using SPSS software. Differences were considered statistically significant at P<0.05. PA: preadipocyte, PCE: pine cone extract. 
